The geochemical forms of some heavy metals in soils around selected petrol filling stations were studied in order to assess the mobility and bioavailability of the metals and hence their potential environmental risk. Water soluble fraction (F 1 ) contained an average of 0.97% iron, 1.40% zinc, 2.37% chromium, 2.08% lead and 41.96% nickel with the abundance trend of Ni > Cr > Pb > Zn > Fe. Metal bound to exchangeable phase followed the same abundance trend with an average of 6.46% nickel, 5.48% chromium, 2.64% lead, 2.55% zinc and 0.62% iron. Lead was predominantly associated with carbonate fraction with an average of 52.32% followed by iron with an average of 15.41%. Other metal average levels in the carbonate fractions were 9.66% for nickel, 8.78% for chromium, and 8.73% for zinc giving the abundance trend of Pb > Fe > Ni > Cr > Zn. The most important metal in iron-manganese oxide phase was zinc with an average of 42.49%, followed by iron with an average of 32.82%. The averages of the other metals bound to this phase were 30.39%, 13.24% and 6.46% for chromium, lead and nickel respectively. The organic bound metals were in the abundance trend of Fe > Zn > Cr > Pb > Ni with average of 39.48% for iron, 30.87% for zinc, 23.03% for chromium, 8.54% for lead and 4.94% for nickel. Nickel with an average of 51.58% was predominantly associated with the residual fraction. The other metals bound to this phase in order of their importance to the fraction had the average of 22.75% for chromium, 13.96% for zinc, 12.24% for lead and 10.97% for iron. The mobility factor values of the metals were moderately high with the abundance trend of Pb > Ni > Cr > Fe > Zn. The generally low levels of the metals in the residual fraction coupled with the mobility factor trend suggest potential risk for the metals. ©JASEM
INTRODUCTION
Total concentrations of metals in soils are a poor indicator of metal toxicity since metals exist in different solid-phase forms that can vary greatly in terms of their bioavailability (Krishnamurti et al, 1995; Krishnamurti and Naidu; Huang and Gobran, 2005; Violante et al., 2010) . Therefore the determination of total soil metal content alone is not a good measure of bioavailability and not a very useful tool to quantify contamination and potential environmental and human health risk (Violante et al., 2010) . The biological uptake and their ecotoxicological effects on the soil biota can be better understood in terms of their chemical speciation (Violante et al., 2010) .
The speciation of heavy metals exerts strong influences on the mobility, bioavailability and toxicity of heavy metals in contaminated soils (Ure and Davidson., 2013) . Among other techniques available to estimate the geochemical partitioning of heavy metals in soils, sequential extraction procedure has been widely accepted (Bacon and Davidson, 2008) , and it is widely recognized as a useful tool for determination of different chemical or binding forms of heavy metal with sediments (Tessier et al., 1979 , Das et al., 2015 .
Several sequential extraction schemes have been employed to assess various species of metals in soils and reveal different forms of heavy metals and their level of bioavailability in soils and sediments. Some of the schemes include those employed by McLaren and Crawford, (1973) ; Tessier et al., (1979) ; Chao, (1984); Clavenger, (1990) and others. Among all these, the procedure adapted by Tessier et al., (1979) is generally accepted as the most commonly used protocol followed closely by the BCR (Shan and Chen, 1994; Tu et al., 1994; Zimmerman and Wendorf, 2010) .
The overall objective of this study is to determine the geochemical forms of the selected heavy metals in the contaminated soils in order to assess their Sample Collection: Soil samples were collected from soils in the vicinity of petrol filling stations from five cities in Delta State of Nigeria namely Abraka, Agbor, Asaba, Ughelli and Warri. The soils were collected at depths of 0-15cm, 15-30cm and 30-45cm representing top, sub and bottom soils respectively. In each city, four busy petrol filling stations were selected for the sampling and the samples collected from each depth in the four stations from the city were bulked and mixed thoroughly to form a composite sample using the method of coning and quatering (Ayodele and Gaya, 1998) . Control samples were also collected from a site far remote from the effect of any industrialization or transportation activity.
MATERIALS AND METHODS

Sample Preparation:
The samples were air-dried, ground, and filtered through a 2mm stainless steel sieve. They were then oven-dried at 105±0.5 0 C to a constant mass, cooled and stored until analysis (Allen et al., 1974) .
Sample Analysis: The chemical speciation of the metals was carried out using the method of Lo and Yang as modified by Asagba et al., (2007) . 1g of the soil samples was weighed and extracted into six fractions as shown in Table 1 below; 
RESULTS AND DISCUSSION
The concentrations of the metals in various geochemical fractions of the soils are presented on Tables 2-6,  while Table 7 presents the percentage metals in the fractions. Iron, Zinc, Chromium, lead and Nickel Water Soluble Fractions (Fi): The percentage of iron in this fraction ranged from 0.85 to 1.48% with an average of 0.97%. Low amount of iron in this fraction has been reported by Iwegbue et al., (2009); Osakwe, (2013.) . The relatively low amount of iron in this fraction could be attributed to the fact that iron is easily absorbed and utilized by plants and other organisms in the soil environment. Zinc content varied from 1.05 to 1.66% with an average of 1.40%. A similar low level of Zinc associated with this fraction was reported by Ajibola and Ozigis, (2005) . The amount of chromium ranged from 1.04 to 4.58% with an average value of 2.37%. Low level of chromium was reported by Birch et al., (2001) in cox sediments. Lead content ranged from 0.57 to 3.29 with an average of 2.08%. Asagba et al., (2007) reported a relatively low percentage of lead in this fraction. Nickel concentration ranging from 12.01 to 41.96% with an average of 25.46% is the most associated metal with this fraction among all the metals studied. The abundance trend of the metals in this fraction is Ni > Cr > Pb > Zn > Fe.
Distribution of different fractions of
Water soluble fraction consists of metal species found in soil solution as ions which occur either as free hydrated ions or as various complexes with organic or inorganic ligands (Sparks, 2003) . The metals in this fraction have the highest mobility and are thus easily available to biota and can also be leached into both surface and underground water sources (Asagba et al., 2007) . Since metals in this fraction are usually thought to be available for plant uptake (Xian, 1989) , the high percentage of Nickel in this fraction suggests a greater contamination risk for Nickel.
Exchangeable Fraction (F 2 ):
The concentrations of iron found in the Exchangeable fraction varied from 0.16 to 0.94% with an average value of 0.62%. Low iron content in exchangeable fraction has been reported (Horsfall and Spiff, 2005 (Birch et al., 2001 ) and municipal solid waste dumps in Agbor (Osakwe and Egharevba, 2008) . The low amount of chromium in this fraction could be attributed to formation of poorly soluble hydroxo complexes by Cr (III) or oxyanions such as Cr O 4 2-and Cr 2 O 7 2-by Cr (IV) which are minimally absorbed to negatively charged soil particles (Serene, 2010) . The amounts of lead associated with this phase, vary from 0.94 to 4.48 with an average of 2.64%. The levels of lead obtained in this fraction are consistent with the reports of Sheppard and Thilbaut, (1992) Exchangeable fraction involves weakly adsorbed metals retained on the solid surface by relatively weak electrostatic interaction, and can be released by ion-exchangeable processes. Remobilization of metals can occur in this fraction due to adsorptiondesorption reactions and lowering of P H . Metals in this phase have very high mobility and lability and can become readily available to plants and hence to the other living organisms through food chain (Bubb and Lester, 1991) . Consequently there is high contamination risk for Nickel which ranked the highest percentage concentration among the metals considered in this study . (Kotoky et al., 2003 , Osakwe et al., 2012 . Chromium concentrations ranged from 5.01 to 12.74% with an average of 8.78%. Similar low concentration of chromium in this phase has been reported (Iwegbue, 2007) . Significantly high level of lead ranging from 5.33 to 74.04% with an average of 52.32% was carbonate bound. Das et al., (2015) reported a substantial amount of lead bound to this phase. However a high level of lead associated with carbonate in this study is in contrast with the findings of some other researchers (Horfall and Spiff, 2005, Osakwe et al., 2012) . Carbonate can be important absorbent for lead when organic matter and Fe-Mn oxides are less abundant in the ecosystem (Li et al., 2000; Das et al., 2015) . The dominance of lead may be attributed to the formation of stable surface complexes (LopezSanchez et al., 1996; Jane and Turkie, 1997 Tessier et al., (1979) ; Kotoky and Kittrick, (1984) . The levels of metals bound to this phase are in the order of Pb > Fe > Ni > Cr > Zn. Das et al., (2015) also reported highest percentage of lead in the carbonate fraction among the four metals studied.
The carbonate fraction is loosely bound and prone to changes with soil characteristics such as P H and redox conditions of the soil (Beck et al., 2001) . Carbonates immobilize most heavy metals by providing an adsorbing or nucleating surface and by buffering the soil P H (Dudley et al., 1991) . Since the metals bound to this phase may dissolve readily with alteration in environmental factors, the metals in this fraction are potentially available for uptake and release unto the environment leading to serious environmental risk.
Iron-Manganese oxide (F 4 ):
Iron content in Fe-Mn oxide fraction varied from 23.23 to 43.12% with an average of 32.82%. The substantial amount of iron in this phase could be attributed to transformation of Fe 2+ into Fe 3+ which is easily precipitated as Fe oxyhydroxide under strong oxidizing conditions and neutral P H values (Stumm and Morgan, 1981) . This phase contained zinc varying from 32.33 to 55.10% with an average of 42.49%. Similar percentage of zinc in this fraction has been reported (Harrison et al., 1981; Kuo et al., 1983; Hickey and Kittrick, 1984; Ramos et al., 1994; Iwegbue, 2007) . Chromium amount was in the range between 4.37 and 45.03 with an average of 30.39%. Osakwe, (2013) reported an average of 7.71% chromium in this phase. Fe-Mn oxide bound lead ranged from 9.11 to 18.91% with an average of 13.24%. Similar level of oxideoccluded fraction of lead has been reported (Ramos et al., 1994; Singh, 2001) . Substantial amount of lead in Fe-Mn oxide phase has been attributed to sorption of lead to manganese and iron oxides (Morin et al., 1999; Kotoky et al., 2003; Ogundiran and Osibanjo, 2009) . The abundance trend is in the order Zn > Fe > Cr > Pb > Ni.
Iron-manganese oxide phase is referred to as reservoir for heavy metals. These oxides scavenge and appear as coating on mineral surfaces or as fine descrete particles and it can occur as a combination of the precipitation, adsorption, surface complex formation and ion exchange (Okoro et al., 2012) . However, heavy metals retained in their forms may be potential source of contamination since they could be released if there are changes in the redox status of the soil (Wassay et al., 2001 , Asagba et al., 2009 Organic Matter Fraction (F 5 ): The organic bound iron was in the range 19.09 and 52.10% with an average of 39.48%. This fraction contained the highest amount of iron. Similar result has been reported (Tessier et al., 1979) . Osakwe, (2010) reported an average percentage of 28.45% in soils around automobile dumpsites in northern parts of Niger Delta, South Central Nigeria. Zinc associated with this fraction ranged from 26.27 to 35.84% with an average of 30.87%. Iwegbue (2007) reported a range of 12-16% while Osakwe, (2012) reported an average of 6.19% zinc in this phase. Chromium levels varied from 19.71 to 25.35% with an average of 23.03%. A similar association was reported by Sheppard and Thibault (1992) ; Iwegbue, (2007); Osakwe, (2010) . Teixera et al., (2010) had suggested that zinc forms complexes with organic matter although less specifically than copper. The amount of lead found in this fraction ranged from 5.43 to 11.13% with an average of 8.54%. The affinity of lead to this phase has been reported by some researchers (Kabala Pendias and Pendias, 1992; Asagba et al., 2007; Serene, 2010) . Complexation of trace elements by organic ligands affects their mobility especially in aquatic systems influencing their solubility and uptake by organisms. Nickel bound to organic matter varied from 1.47 to 10.19% with an average of 4.94%. This is in close agreement with the average of 4.14% reported by Osakwe (2013) . Low level of nickel in this fraction was also reported by Kotoky et al., (2003) . The abundance trend of metals in this phase is in the order of Fe > Zn > Cr > Pb > Ni.
OKOLIE, LUCKY PRECIOUS
The primary source through which metals get associated with the organic materials such as living organisms, detritus etc is by bioaccumulation or complexation process (Okoro et al., 2012) . The metals bound to this fraction are assumed to stay in the soil for longer period but may be immobilized by decomposition process (Kenedy et al., 1997) . The metal forms associated with organic matter could be considered potentially active or strongly bound, depending on the physical properties of the soil (Ahumadu et al., 2004 , Jamali et al., 2007 , Kabirineja et al., 2014 . Tessier et al., (1979) , suggested that under oxidizing conditions, in natural waters, organic matter can be degraded, leading to a release of soluble trace metals.
Residual Phase (F 6 ): The concentrations of iron associated with Residual fraction ranged from 3.35 to 14.96% with an average of 10.97%. Other researchers reported relatively higher percentage of iron in this fraction (Gupta and Chem, 1975; Horsfall and Spiff, 2005; Abeh et al., 2007; Segarra et al., 2008; Osakwe, 2010) . Zinc levels had an average of 13.96% ranging from 7.79 to 25.26%. A similar association of zinc with the residual fraction has been reported (Ma and Rao, 1997; Horsfall and Spiff, 2005) . He et al, (2013) reported a relatively high range (40.3-68.5%) of zinc in this phase. Some other researchers found very high level of zinc in this fraction viz 75% (Bodog et al., 1996) ; 89% (Querol et al., 1996) . Residual phase bound chromium was in the range of 16.04 and 20.75% with an average of 22.75%. This is consistent with various studies (Tukura et al., 2007; Segerral et al., 2008; Iwegbue et al., 2009 ). Ogundiran and Osibanjo reported predominance of chromium in non-residual fractions. Lead ranged from 9.72 to 14.265% with an average of 12.24%. Many studies reported predominance of lead in this fraction (Chaudhary and Banerjee, 2007; Asagba et al., 2007; Osakwe and Egharevba, 2008; Osakwe et al., 2012) . The levels of Nickel ranged from 18.85 to 73.70% with an average of 51.58%. This predominance of inactive forms of nickel is in agreement with other studies of contaminated soils (Gupta and Chen 1975; Tessier and Campbell, 1980; Ma and Rao, 1997; Abeh et al., 2007; Chaudhary and Banerjee, 2007; Osakwe, 2010 ). Norrish, (1975 observed that nickel is commonly occluded by silicate during soil weathering. The levels of these metals are in the abundance trend of Ni > Cr > Zn > Pb > Fe.
The residual fraction is occluded with the crystal lattice layer of silicates and well crystallized oxide minerals and as such considered as the most stable, less reactive and less bioavailable (Terus, 1995; Abeh et al., 2007) . The metals found in this phase are not expected to be released in solution over a reasonable time span under the conditions normally encountered in nature (Tessier et al., 1979) . It serves as a very useful guide in the evaluation of long-term potential risk of heavy metal in the environment (Okoro et al., 2012) . The smaller the percentage of the metal found in this fraction, the greater the pollution of the area, therefore iron and lead may pose the greatest potential environmental risk in this study.
The overwhelming importance of residual fraction clearly revealed by the results of many speciation studies illustrates clearly the difficulty of distinguishing between background and anomalous levels of trace metal contamination when the analysis of the metal levels is restricted to only determination of total metals (Tessier et al., 1979) .
Mobility Factor: The early fractions, water soluble, exchangeable and carbonate (F 1 + F 2 + F 3 ) are regarded as the most reactive, most mobile and most potentially available/bioavailable fractions. The metals in these fractions consist of those that can be accessed by man through ingestion and are usually considered as being of anthropogenic origin (Asagba et al., 2007) .
The metals in these phases are weakly or loosely bound to soil components and the relative index mobility of these metals was calculated as mobility factor (MF) (Salbu et al., 1998, Kabala and Singh, 2001 ) using the following equation.
The mobility factors of the metals in the soil profiles are presented on Table 7 .
The range of mobility factors recorded in this study is higher than those reported by Iwegbue (2007) ; Osakwe and Eghareoba, (2008) ; Das et al., (2014) . The values observed for Nickel increased with depth in all the sites which implies that the mobility and biological availability of Nickel increases with soil depth. However, there is no regular trend for the other metals. The mobility factors were observed to be in the trend: Pb > Ni > Cr > Fe > Zn. Das et al., (2007) similarly reported highest mobility factor for lead among all the metals in their study. The relatively high mobility factors for lead and nickel may indicate potential risk by those metals in the environment. Conclusion: The speciation of the metals among the six geochemical phases revealed that Fe -Mn oxide and organic phases proved to be of most importance for the soils examined in this study. This is because they contained significantly high amounts of iron, zinc and chromium. The predominant species of lead was associated with carbonate fraction while residual fraction contained majority of nickel.
The presence of low percentage of all the metals studied except nickel, in the residual fraction, is of great soil quality concern. Since the early fractions, which are water soluble, exchangeable and carbonate are the most mobile and most potentially available fractions and iron-manganese oxide occluded and organic bound metals can be released under favorable conditions, coupled with the relatively high mobility factor values, the soils under study may pose some potential environmental risk.
